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FOREWORD

The ITU TelecommunicationStandardizatiorSector (ITU-T) is apermanent organ of the Internatioriedlecom-
munication Union. The ITU-T igesponsible for studying technical, operatiagd tariff questionsand issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardizatidbonference (WTSC), which meetsery fouryears, established the
topics for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

ITU-T Recommendation X.6 was prepared by the ITU-T Study Group VIl (1988-1993) and was approved/bg@e
(Helsinki, March 1-12, 1993).

NOTES

1 As a consequence of a reform proosghin the International Telecommunication Union (ITU), the CCITT
ceased to exist as of 28 FebruaB93. In its place, thelT'U TelecommunicatiorStandardizatiorSector (ITU-T) was
created as of 1 March 1993. Similarly, in this refgsrocessthe CCIR and thelFRB have been replaced by the
Radiocommunication Sector.

In order not to delay publication of this Recommendation, no change has been thadixt toreferences containing

the acronyms “CCITT, CCIR, or IFRB” otheir associated entities such as Plenasgembly,Secretariat, etc. Future
editions of this Recommendation will contain the proper terminology related to the new ITU structure.

2 In this Recommendation, the expression “Administration”uised for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

0 ITU 1993

All rights reserved. No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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Recommendation X.6

MULTICAST SERVICE DEFINITION

(Helsinki, 1993)

The establishment in various countries of packeitched publicdata networks creates the need piduce
Recommendations to facilitate the provision of point-to-multipoint (multicast) data services.

The CCITT,

considering

that aneedhasbeen identifiedwhereby auser sending the same datait to multiple remote users could realize
transmission and processing efficiencies by using multicast services;

unanimously declares

that the multicast service definitions and capabilities operate in accordance with this Recommendation.

1 Introduction
This Recommendation describes the service definitions and capabilities of a multicast service.

This Recommendation provides a common modeltfier description of theervice elements, defindise terminology
anddescribes a set of capabilities whitlay be provided by such a servighdis Recommendation doemt specify the
interface specifications or the protocol elements that would be used to provide the service.

2 Scope and field of application

The multicast service described in this Recommendation is a connection-oriented multicast servisensetiat the
multicast user must first establish a connection (virtual call or permanent virtual cirefat} it is able tsend or
receive any multicast data. The multicast service may be real time, that is, with predictable delay characteristics.

The term connection as applied to the multicast service differs from point-to-point service in two ways:
1) the user connection terminates within the network, in an entity called the multicast server;

2) from a user’s perspective, there are more than one remote users on this connection.

The multicastservice described ithis Recommendation may be used by a braatye of applicationsSome typical
examples are:

1) applications where a continuous streandaify, such amessages, status, eveatslprocesglata,needs
to be distributed to multiple destinations;

2) applications where datae produced with time constraintsdatamay have to be delivered to multiple
destinations within a specified time, after which they may no longer be valid or useful;

3) applications where a ddbase is distributed, fanstance, to provide greater availabilggd/or to spread
the traffic loading.

The multicastservice is designed to work over a varietytraihsmission technologies, such as packet switched data
networks, local area networks, with multicast addressing, and satellite networks.

Recommendation X.6  (03/93) 1



3 Definitions
For the purpose of this Recommendation, the following definitions apply:

multicast service Is one in which a single datenit transmitted by aource is received by multiple destinations; it is a
one-in, many-out servié&

multicast group: A set of members participating the packet multicastervice.The multicast group igefined by a
rule (or set of rules) which identifies a collection of members implicitly or expliditiys rulemay associate members
for the purpose of participating in a call, oray associate members who @ot participate in data transfer but do
participate in management, security, control, and accounting for the multicast group.

multicast call: The relationship thagxists betweetthe members of a multicast group ftre purpose oftransferring
data. More than one multicast call may exist in a multicast group. A multicast call establishes an active group.

active group: Those members dhe multicast grougthat are participating in a particularulticast call at a given
instance of time.

invoked group: Those members dhe multicast group with which communication is attempted in a particular
multicast call.

open group A special multicast group which does not have pre-defined set of members. Any ugarticgyate in an
open group.

group controller: The member (or third party) responsible for the multicast group creation and membership control.

call initiator : The member (othird party) authorized to initiate a multicast cdflore thanone member mainitiate
multicast calls.

one-way. Mode of communication. See 5.1.1.

two-way: Mode of communication. See 5.1.2.

n-way: Mode of communication. See 5.1.3.

multicast server. A logical entity which provides the packet multicast service to the members.
participant: A member of a multicast group participating in a particular multicast call at a given time.

capability: Capabilities allow a participant or member to perform certain functions as part of managing or participating
in multicast data transmission.

concentrate Transmissions from multiple sources are received by a single receiver.

The following terms are defined in Recommendation X.200:
—  Protocol data unit.
—  Service data unit.

4 Multicast service model

The multicasservice model (Figure 1) showsraulticast group as consisting of memb#rat participate irmulticast
communication using an immediate entity called the multicast server. The multicast server is a singleribgical
which provides the multicast service to all members.

1) A multicast service is intended to mean a service in the sense of services spedfadrimmendatioX.1/X.2. There is no
intended relasionship to an OSI service.

2 Recommendation X.6  (03/93)



Multicast service

Group member Group member

Multicast server

Group member Group member

T0716640-93/d01

FIGURE 1/X.6
Multicast service model

The logical relationshifpetweenthe members of a multicast group, fire purpose oftransferring data, is called a
multicast call. In practice, a multicast call may be logically composegoint-to-point connections, otetween each
member and the multicast server, as shown in Figure 1.

Some applications fomulticastmay usemulticast groups as a managemant control mechanism to provide the
multicast service. In other multicast applications, emplmaaigbe orthe callitself and agroup may exist only for the
duration of a single call.

A multicast group is an entitthat defines a domain in which membergy participate in multicast communication
and precludes communication with users not in the group. A multicast grodpfilsed by a rulespecific to the
environment, protocols, Administrations, networdssdsituations for which multicast communicatioa®e beingused.
It may be created by a stat@ministrative means, dynamic on-line meansmay beimplicit and unchangeable
because of the nature of the service offered.

An open group is a multicast group whidbesnot have a pre-defined set of membeksy user mayattempt to
participate in an open group. The multicestvice may supporhultiple different open groups with different rigets
for inclusionandexclusion of members. “Open group” igart of the rulefor group membership, e.g. “the group is
open”. Open groups can be set up for different purposes, such as different new services, catalogue ordering, etc.

The multicast model depicts the multicast service as a single logical entity (that is, the multicast server). In practice, the
multicast servemay besingle or be distributedand may resideinside or outside a networkhe server (oservers

when distributed) may be dhe same network as tiheembers accessing it or on different networks. Figure 2 (parts a,

b and c)provides someimplementation examples. These examples are not meant to be exhaumtiother
implementations are possible.

Recommendation X.6  (03/93) 3



The multicastservice mayrequire an inter-networking capability to allow multicast servers on separate networks to
communicate with each other [Figure 2 c)]. Besver-to-server communication is provided in suchaaner that the
individual members perceive the service as being provided by a single logical entity (the multicast server).

A member may belong tmultiple multicast groups. Figure shows an example which g is a member of groups 1
and 2.

A multicast groupmay have simultaneouwlls. Figure 3hows twomulticast calls (Jand 3)being used in group 1.
The multicast callsnay be used, for example, by a memberdasfer multiple logical streams of datatieey may be
initiated by different members of the multicast group.

Members
(Terminals)

@ = —

Multicast service

a) Server outside the network

Members
(Terminals)

!I'O716650—93/d02a
Multicast service o

I
I
I
I
I
1
o

b) Server inside the network

@ |ndicates boundary of the multicast service as seen by the user.

FIGURE 2/X.6
Examples of server implementation
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Multicast service
Network A

Members

- Server :
(Terminals)

4
’

T0716660-93/d02b

Network B

c) Servers in multiple networks and outside of networks

FIGURE 2/X.6 énd)

Examples of server implementation

The set oflnembers participating in a multicast call at a given time is ctiledctive group. A member participating
in a particular multicast call is called a participanthat call. For example, thactive group for multicast call 3 in
Figure 3 contains participants (a, .c, g); if participant deavesthe call atsomelater time, theactive group of
participants for multicast call 3 would then contain (c, ..., 9).

Multicast communication to a subset of members of a multicast gnaypbe accomplished by one tbie following
methods:

1) creating a new multicast group containing the subset of members of the original group;

2) changing an existing multicast group rule set, which implies changing the membership of an existing
group; or

3) using an inclusion list or exclusion list with the multicast call. Thespstifies a set of membettsat
are authorized (not authorized) to join the multicast ¢ddite that exclusioncan occur at any time
(i.e. during both call setup and data transfer).

Figure 3 shows an example in which member b is not participating at that time in multicast call 3.

Recommendation X.6  (03/93) 5



Multicast service

<abc... g

Multicast call 3

\ ’—\
h i n
Multicast call 2
Group 1 ]
Group 2 o
Members a b c .. g h [ n

T0716670-93/d03

FIGURE 3/X.6
Examples of call configurations

5 Service overview

The multicasservice, in general, providelse ability to establish a multicast relationship (i.e. multicast dadtjveen
the members of a group and allows them to participate in real-time data transfer.

As shown in Figure 4 real-time impliéisat a data unifx) received bythe multicasservice at time t, will be delivered
at least to those memberstbé multicast grouphatwereparticipating in the multicast call #tat time (i.e. thective
group); members that join the multicast call after time t may or may not receive this data unit.

5.1 Data transfer overview
Several types oflata transfer arpossible. Thes¢ypesappear to be distinct, but actuattgn form a continuum of
different multicast communications methods. Megeryrealization of a multicasgtervice will provideall of these data

transfer types, and may not support all of the options described.

In general, it will not bauseful for aparticipant sending data teceive acopy ofits own transmissionHowever,
specific realizations may wish to include this as an option to meet the needs of some applications.

The use of the term "optionally" to describe data transfer rules in the following three subclauses has two implications:
1) protocols which provide the multicast service may choose to support this data transfer rule;
2) protocols which suppothis data transfer rulmay make it optional oper-call, per-packet, per-group,

per-interface, or other basis, as appropriate to meet the needs of some applications.
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Sender Service Receivers

Service will send data unit (x)
to appropriate active group
members (see Note)

Data unit (x)

Time =t

Begin transmission of data unit (x)
to members who are participants
at time (t)

Copies of
data unit (x)
sent to

participants
=

W

Time=t+ e

K

End transmission of data unit (x)
to members who were participants
at time t. Also, service may or may
not have sent data unit (x) to
members joining the multicast call
before time (t + €)

\4

Service will not send data unit
(x) to members joining the
multicast call here

v T0716680-93/d04
Time

NOTE — Appropriate active group members depend on the direction of data transfer.

FIGURE 4/X.6
Real-time multicast

51.1 One-way

In one-waydata transfer, transmission is simplex. One or more participantefined as sendeend the rest of the
participants are defined as receivers. The following rules apply to one-way data transfer:

1) areceiver may not send data;
2) any data sent by a sender are transmitted to all receivers;

3) optionally, data sent by a sender will be transmitted to other senders participating in the same call;

4) optionally, data sent by a sender will be transmitted back to it.
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See Figures 5 and 6.

Receiver
D

Sender
A

Multicast
service

Receiver
E
Receiver
=

T0716690-93/d05

FIGURE 5/X.6
One-way data transfer (simple case)

Receiver
D

Multicast
service /

Receiver
E
Receiver
=

T0716700-93/d06

NOTE - Dashed lines indicate a second sender in the same multicast call.

FIGURE 6/X.6
One-way data transfer
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5.1.2 Two-way

In two-way data transfer, transmission is duplex, but some transmissions are concentrated while the other transmissions
are multicast. One or more participants éeéined as sender/receivers, becahe& primary function is sending, and

the rest of the participants adefined as receiver/senders, becabs@ primary function is receiving. THellowing

rules apply to two-way data transfer:

1) any data sent by a sender/receiver are transmitted to all receiver/senders.

NOTE - This is a multicast transmission;

2) any data sent by a receiver/sender are transmitted to all sender/receivers.

NOTE - This is a concentrated transmission;

3) optionally, data sent by a sender/receiver will be transmitted to other sender/receivers participating in the
same call;

4) optionally, data sent by a sender/receiver will be transmitted back to it;

5) optionally, a receiver/sender will be able to dirpefticular datafor transmission to garticular
sender/receiver.

See Figures 7 and 8.

NOTE — For entirely concentrated transmission, one-way data transfer with multiple senders could be used.

Receiver/

Sender/
Receiver

Receiver/
Sender

Receiver/

T0716710-93/d07

NOTE - Dashed lines indicate examples of return traffic from receiver/senders
in the same multicast call.

FIGURE 7/X.6
Two-way data transfer (simple case)
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Receiver/
Sender
D

Sender/
Receiver
A

Receiver/
Sender
------------ E

service

Receiver/
Sender
F

4
o’
Sender/ o
Receiver
C

T0716720-93/d08

NOTE - Dashed lines indicate examples of return traffic from receiver/senders
in the same multicast call.

FIGURE 8/X.6
Two-way data transfer

5.1.3 n-way

In n-way data transfer, transmission is dupleand all transmissions armulticast (i.e. no transmissions are
concentrated). All participants are data transmission peers. The following rules applpyalata transfer:

1) any data sent by a participant are transmitted to all other participants;

2) optionally, data sent by a participant will be transmitted back to it.

Participant Participant
A D

See Figure 9.

Participant Participant
B E

service

Participant Participant
C F

T0716730-93/d09

FIGURE 9/X.6
N-way data transfer
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5.2 Signalling and control overview

The multicastservice may provide mangignalling andcontrol capabilities, such as tladility to create multicast
groups, control group membership, dynamically estaldisth terminateanulticast calls, provide notifications when
members join and leave the active group, and other status information.

The signalling anctontrol capabilities of 6.2, 6.4, 6.5, 6afid 6.7may be applied on a recursive basis to create,
operate, terminatand control a sub-call among a sub-group of participamglved in a multicast callThe same
attributesand capabilities areallowed for a sub-call as for argther multicast call. Attributes napecified for a
sub-callmay beinherited from the super-calCertain capabilities applied to the super eadiuld be applied to all
created sub-calls (e.g. terminating the super-call termirsdit@ssociated sub-calls) whereas other capabilitpesy
only to asingle call at aspecific level (e.gjoining a calldoesnot result in the participant joining any sub-calls). Data
transfer then also identifies which (sub) call it pertains to.

Subclause$.1, 6.2, 6.4, 6.5, 6.6 and 6déscribethe multicast signallingnd control capabilitiesand theirservice
attributes.

NOTE - Some (many) dhe signalling ana@ontrol capabilitiesnay beprovided entirely by static, administrative means
to facilitate the introduction of the servifar existing users, or additionally, l@ynamic on-line methods to offer more flexibility
and control tdhe usersWhich ofthe signalling and@ontrol capabilitiesre provided by static means and whichdynamic means
shall be dependent on the service provider.

6 Service capabilities

The following capabilities may be provided by the multicast service:

— Multicast Group Creation and Membership Cont{6l1): Thiscapability is used to create (or destroy) a
multicast group as an abstract entity, and to add and remove members from the multicast group;

— Multicast call (6.2): Thiscapability is used to establish a relationshgtweenthe multicast group
members for the purpose of transferring data;

— Data transfer(6.3): This capability provides the multicast data transfer;
— Leave call(6.4): This capability is used to disconnect a member from the multicast call;

— Join call (6.5): Thiscapability is used to join (rejoin) a membertloé multicast group to the multicast
call;

— Multicast call termination(6.6): This capability is used to terminate the multicast call in its entirety;

— Multicast statug6.7): This capability is used to obtain the multicast group and call status information.

The following clauses provide details of the multicast service capabilities.

6.1 Multicast Group Creation and Membership Control

A multicast group defines a set of membetw participate in the multicastervice withother members ahe group.
The purpose of defininghe multicast group as an independent entity is to facilitate those funtitetrdeal with an
entire group; for example, addressing and administration.

Recommendation X.6  (03/93) 11



6.1.1 Multicast Group Creation

A multicast group is created and modified by a member (or third party) designated as the multicast group controller.
The multicast group may be created and modified by static administrative means or by using on-line procedures.

When the multicast group is created and modified by static administrative means, the party responsible for the multicast
group requests the Administration to creatermdify a group. An initial list ofmembers may béndicated to the
Administration.

The multicast groupnay also be createxhdmodified usingthe on-line procedures. The group controller is authorized

to createmodify anddestroythe multicast group using on-lingocedures (Figure 18)). The on-lingorocedures may
be provided by an extension of the standard CCITT network management protocols.

Multicast
Group controller service Member

a) Create group

 }
/
Group created

/
Group modified
M
/

estroy group
Group destroyed

b) Add member

M Member added (optional)

ember added

Remove member

M Member removed (optional)

ember removed

4—  ’

r Not authorized

W
W Member modified (optional)

T0713820-93/d10

Member modified

or Not authorized

FIGURE 10/X.6
Group creation and membership control
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The following attributes of the multicast group may be network-dependent:

1) which member(s) (athird party(ies) associated withe call or group) is authorized to be the multicast
group controller;

2) which group member(s) (dhird party(ies) associated witle call or group) hasne or more of the
multicast call capabilities (6.2.3);

3) which multicast call attributes (6.2.2) asemmon tothe multicast group (e.g. all calls anee-way).
Some of these may be changeable on a per-call basis depending on the multicast group or the network.

6.1.2 Multicast Group Identification
Once a multicast group is created, it is assigned a unique identifier, called the Group Identifier (ID).

The Group ID may be one of the following:
1) asingle network address;
2) the network address of the server and some other identifier assigned by the server;

3) aclosed user group interlock code;

NOTE — This is unique within an X.25 network;

4) an international closed user group interlock code;

NOTE — This is unique across X.25 networks;

5) any other identifier.

The Group ID is unique within a network, and may be unique within a lacgeext as well (sekem 4above). It may
be combined with the network address to provide a globally unique Group ID.

6.1.3 Multicast Group Membership Control

The Multicast Group Membership Control capability is used to add and remove members from the multicast group. The
multicast group controller is authorized to add (or remove) members from a multicast group.

This Group Membership Control may be provided by static administrative means or by using on-line procedures.

When static administrative means are used, the pasponsible fothe multicast group requests the Administration to
add (or remove) the member(s) from the multicast group.

When the on-linecapability is usedthe multicast group controllenay add (orremove) members frothe multicast
group using on-line procedures [Figure 10 B}je on-lineprocedures may be provided by an extensiahefstandard
CCITT network management protocols.

The affected members may be informed when they are added (or removed) from the group.

NOTE — This capability does not apply to open groups.

6.2 Multicast call

The multicast caltapability establishethe relationshibetweenthe members of a multicast group ftre purpose of
transferring data (Figure 11).

The multicast call may be established by static administrative means or by using dynamic on-line pr(uestuitesd
in 6.2.4).

Recommendation X.6  (03/93) 13



Member with capability Multicast
to initiate call service Member

Create multicast call o .
Invitation to join

 » (optional)

Call created  ’

4  Join accepted

Member with Join/Leave 4 

notification receive capability

Join notification
(optional)

Quorum join notification
(optional)

oo

All joined notification
(optional)

T0716740-93/d11

FIGURE 11/X.6
Multicast call establishment

6.2.1 Multicast call identification

A multicast call is identified by a unique identifier, called the Call Identifier (ID). The Call ID is unique within a
multicast group.

The Call ID may be used, for example, by a member to rejoin a multicast call after disconnecting from it.
The Call ID may be combined with the Group ID to provide a globally unique Call ID.

The Call ID is assigned by the multicasrvice.The Call ID may be assigned priori and made known to the
members prior to joining the multicast call or it may be assigned in conjunction with the multicast call establishment.

6.2.2 Multicast call attributes

A multicast callmay be described ke following attributes.Some attributes may be common foe multicast group
and default values may apply (6.1.1).

Group ID: Identifies the multicast group.

Call ID: Identifies the multicast call for purposes such as using multiple multicast calls per group or allowing a member
to join a call already in progress.

Exclusion/inclusion: Specifiesvhether members dahe multicast groupmay be excludedor included) from the
multicast call.

NOTE — The exclusion or inclusion in a multicast call could be expressed ubstgphaddresses or as a rule, in the
same way that a rule is used in specifying a multicast group.

14 Recommendation X.6  (03/93)



Join originationselection: Specifiesvhether theservice should senthe invitations to join the othemembers
(Figure 11) or whether other members jtie call by sending a join request to gevice [Figure 14)]. Some group
members may only be allowed to join $§nding a join request (for exampdigal-in members or members of an open
group).

Quorum: Specifies the minimum number of members needed for certain functions (e.g. join notifications). The action of
the service when quorum is not met (e.g. suspend call, terminate call) is service-specific.

Data flow: Identifies the direction of data flow for the multicast call. The choices are: one-way, two-nagyor
Connect priority: Specifies the priority of making this call.
Retain priority: Specifies the priority for keeping this call.

Transfer priority: Specifies the priority for data transfer within this call.

NOTE - The above three attributes dealing with priority align witthe requirementdor priority as given in
Recommendation X.213. Theaeonly useful when compared against priorities of other point-to-point and multicast calls. Each of
the priority attributes can take on a maximum of 15 levels. TB¢T T-specified DTE priority facility could besed to signal these
attributes.

Aggregate timeout value(s): Specifies timeountsch apply where aggregate notifications (e.g. a qudnasjoined
call) are to occur.

Active group integrity: Specifiewhether active group integrity appliesttos call. If active group integrity applies, at
least a quorum of participants must be joinedthis call before anydata transfer camccur. If the number of
participants joined tthe call dropselow aquorum, theservice willeither terminate the call @nforce a cessation of
data transfer until a quorum is again achieved.

NOTE — A variation on active group integrityay use“key member(s)” rather than a “quorum” of members, stinctt
without these key member(s), the call will either be terminated or data transfer will cease.

Source identification: Specifiashether thesource ofdata is indicated to theeceivers othat data. Thechoicesare:
source is indicated, source is not indicated.

Other attributes that apply during the data transfer phase are described in 6.3.

6.2.3 Multicast member capabilities

Call participants or groumembers may have one or more capabilitires allow them to perform certain functions as
part of managing or participating in multicast data transmisstapabilities are assigned to groupembers as
potential capabilities. When a group member participates in a call, the capabilities may be realized at that time.

Identification of addresses for some capabilities maydogiired as part of call establishment, depending on the
attributes of the call.

The following call capabilities are included in the multicast service:
Initiate: This capability allows for the initiation of multicast calls.
Send: This capability allows a participant to act as a sender in a one-way call or a sender/receiver in a two-way call.

Receive:This capability allows gparticipant to act as a receiver dne-waycalls, or as a receiver/sendertivo-way
calls.

Join/Leave notification receive: This capability allows its holder to receive join notificatiopa(ti@ipant hagoined a
call”), quorum join notifications (“a quorum of participamigsjoinedthe call” or “this call no longer has a quorum”),
all-joined notifications (“all members invited to jaihis call have joined”)andleave notifications (“a membéasleft
the call” or “all members have left the call”).

Join permission: Thisapability allowsits holder to confirm odeny a request to join @ll in progress by a potential
participant.
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NOTE - It would be inappropriafer multiple members to havéis capability without some additional mechanisms for
managing the potential conflicts.

Invite: This capability allows its holder to invite a potential participant to join a call.
Exclude: This capability allows its holder to exclude a member from a call in progress.
Control messages: This capability allows its holder to receive other miscellaneous control messages.

Terminate: This capability allows its holder to terminate a call in progress.

6.2.4 Multicast call establishment

The multicast call may be established by static administrative means or by using dynamic on-line procedures.

The static administrative means may be similar to those utilized for creating point-to-point permanent virtual circuits.
The dynamic on-line procedures are described below.

The member authorized to initiate the multicast call (member having intability) issues a create multicast call
request to the service (Figure 11).

Depending on the join originatioselection attribute (6.2.2}he service maygenerate multiple invitation to join
requests to the other members of the group. Each other member responds to the invitation to join with a join accepted or
join not accepted response.

When the join origination is not issues by the service, a member magomulticast call by sending a join request to
the service [Figure 14 a)]. The service responds with a join confirmed or joined denied.

The service mayinform the members with Join/Leave notificatioeceive capability whethe member(s) join by
issuing a join notification depending on the Join/Leave notification attribute.

The service issues a call created responsehéocall initiator after aspecifiednumber of members (a quorum) have
joined or a timeout occurs.

6.3 Data transfer

The multicast call enters the data transfer phase (Figure 12) when the call created is sesgrbic¢h&Vherthe data
sender is other than the call initiator, the data transfer phase is entered when that member joins the multicast call.

When static administrative means ased to establisthe multicast call, the data transfer phase applies when the data
sender interface is up.

Sending member Multicast service Receiving member

Data

 ’ Data
 »

T0716750-93/d12

FIGURE 12/X.6
Data transfer phase
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6.3.1 Data transfer attributes

The multicast data transfer phase may be defined by the following attributes.

NOTE - Othenmttributes ardor further study. For exampl#he issue ofegmenting an SDU (servic&ta unit) into one
or more PDUs (protocol data unit) should be addressed for two-waywag communications.

6.3.1.1 Data integrity
The data unitseceived by a membeshall not be corrupted.oss ofdatabetween asenderand theserver should be

indicated to all participants in a calloss ofdatabetweenthe serverand areceiver (for example, because kfffer
overflows) should be handled as a local matter between the server and the affected receiver.

6.3.1.2 Synchronized data delivery

In synchronized delivenall recipients of assynchronized datanit receive itwithin a certaindefined timewindow.
This is for further study.

6.3.1.3 Ordering
There are two types of ordering in multicast data transmission. In order of increasing restrictions, these are:
Local: PDUs from a particular sender will be transmitted by the service in the order they were received by the service.

Global: PDUs fronmultiple senders will be transmitted by thervice instrict order, so #DU received byhe service
at time t will be transmitted by the service before any PDU received by the service after time t.

Table 1 shows the applicability of ordering for one-way, two-wayrawdy communications.

TABLE 1/X.6

Data ordering attribute

Ordering
Data Flow Local Global
One-way (single sender) Mandatory Not applicable
One-way (multiple senders) Mandatory Optional
Two-way (single sender) Mandatory Not applicable
Two-way (multiple senders) Mandatory Optional
N-way Mandatory Optional

6.3.1.4 Throughput

For a multicast call, data transfer takes place according to one of the following rules:

— at thepace ofthe slowest active receivefthe service is aware ofhis rate); the transmitter iow
controlled so as to prevent it from transmitting at a faster pace;

— at a minimunmpace associated withe call wherenembers wha@annotkeep up withthis paceare not
permitted to join the call;

— at a minimumpace associated wittihe call wheremembers whacannotkeep up withthis pace are
permitted to join the call but where data loss may occur.
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6.3.1.5 Flow control

Specifieswhether theservice may or magiot flow control the transmitter when a receivimgmber idlow controlled.
When no flow control is used, data loss to the receiver is possible.

6.4 Leave Call

The LeaveCall capability is used to disconnect (or exclude) member(s) fin@multicast call. Once disconnected, the
member ceases to participate in data transfer for that multicast call.

The Leave Call capability may be used by:
— amember that wants to leave the multicast call for any reason;
— amember with Exclude capability.

6.4.1 Member Initiated

A member may leavthe multicast call by issuing leeaverequest to thaervice [Figure 1&)]. A member alsdéeaves
the multicast call when the member interface is declared out of order.

When thelLeave notification capability is used (6.2.2Jhe service may notifythe membershaving Join/Leave

notification receive capability whetihe membeleaves byissuing alLeavenotification. A reasorcode (supplied by
member, interface out of order, etc.) may be provided in the Leave notification.

6.4.2 Member Exclusion

A member with Exclude capability may request the service to exclude a member(s) from the multicast call be issuing an
Exclude member request (Figure 13 b)). The membaeréy) be excluded for example, whemnilticast communication

to a sub-set of members is desired. The service is responsible for maintaining information on excluded members.

The service disconnects the specified member by issuing a Leave request to the member.cAde@sgpplied by the
member issuing the Exclude member request) may be provided in the Leave request.

When theLeavenotification capability is usedhe service may notify membemsith Join/Leave notificatiomeceive

capability wherthe membeteaves byissuing al eavenotification. A reasortode (provided byhe member issuing the
Exclude member request) may be provided in the Leave notification.

6.5 Join Call
The Join Call capability is used to join (or rejoin) a member to the multicast call.
The Join Call capability may be used by:
- a member that wants to join (or rejoin) the multicast call;
- by a member with Invite capability.
6.5.1 Member Initiated

A member may joir(or rejoin) the multicast call by using a Join request tostitgice [Figure 14a)] if the
member has not been excluded from this call.

The server willnotify memberswith Join/Leave notificatiomeceive capability whethe member joins by
issuing a Join natification. A reason code (member provided) may be provided in the Join notification.

If a memberhas thgoin permission capabilitthatmember maynform theservice ifthe member isllowed
to join the multicast call or not by issuing a join confirm or join deny [Figure 14 a)].
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a) Member with Join/Leave
notification receive Multicast
capability service Member

Leave request

Leave notification (optional) 4 

b) Member with Exclude
capability

Exclude member

 > Leave request
Member with Join/Leave  »

notification receive capability

Leave notification (optional) 4 
4—  Confirm (optional)

T0716760-93/d13

FIGURE 13/X.6
Leave call

6.5.2 Member Inclusion

A member with Invite capabilitynay requesthe service to join a member tbhe multicast call by issuing an Include
member request [Figure 14 b)].

The service attempts to join the specified member by issuing an Invitation to join to the member.

The service may notify membengith Join/Leave notificatiomeceive capability whethe member joins by issuing a
Join notification. A reason code (provided by the member) may be provided in the Join notification.

6.6 Multicast Call Termination

The Multicast Call Termination capability is used to terminate the multicast call in its entirety.

The termination procedure may be initiated by a member with Terminate capability or the multicast service.
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 » Invitation to join
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FIGURE 14/X.6
Join call

6.6.1 Member Initiated

A member with Terminate capability may terminate the multicast call at any time by issuing a Terminate call request to
the service [Figure 15 a)]. The service may confirm the request.

The service generates@all terminated to each of the otheembers othe active group. A reasocode(supplied by
terminating member) may be provided in the Call terminated.

A Call terminated indicatioomay besent to the member requesting call termination aftspecified number of
members (a quorum) have been disconnected or a timeout occurs.

6.6.2 Service Initiated

The multicasservice may be allowed terminate the multicast call when the numbeactive group members drops
below a specified number (a quorum) or for other service-specific reasons.

The termination follows the procedures described in 6.6.1, except for the Terminate call request [Figure 15 b)].
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b) Call terminated

FIGURE 15/X.6
Multicast Call Termination

6.7 Multicast status

6.7.1  Group Status

The Group Statusapability provides information about a multicast group. Group Status infornmagiprbe obtained
by static administrative means or using on-line procedures from a membbkirdgoarty) authorized to perform this
request (Figure 16).

The following information may be provided. Other items are for further study.
— list of members of the multicast group;
— which member (or third party) is the group controller;
— the common and default attributes for the group;

— the multicast calls active in the group;

which group member(s) has one or more of the multicast call capabilities (6.2.3) and what they are.

6.7.2 Call Status

The Call Statuscapability provides information about a multicast c&hll Statusmay be obtained by static
administrative means using on-line procedures from a membehi¢drparty) authorized to perform thigquest
(Figure 16).

The following information may be provided. Other items are for further study.
— the active group;
— which group member(s) has one or more of the call capabilities (6.2.3) and what they are;

— the other call attributes (6.2.2).
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FIGURE 16/X.6
Status (Group/Call)

7 Data flow model

The operation of a multicast call isodelled in an abstragtay by aset of pairs of quees (QxSand QSx) and the
service. There ibetweerthe serviceandeach call participant ongair of queuesthat is,one queue for each direction
(Figure 17). Theerminology QxS implies a queue with a direction frorpaaticipant numbered x to trservice(S).
For a queue QSx, this is a queue with a direction from the service to the participant numbered x.

Participant Participant

'
'

Multicast
service

Participant
2 \
N Participant
3

T0716800-93/d17

FIGURE 17/X.6
Abstract model of data transfer

This model is used to introdudée flow control featureand thefunctions performed by theervice for eackkind of
operation. Theability of a call participant to addbjects to a queuwill be determined by the behaviour of the call
participants removingbjectsfrom that queue, the behaviour of tlservice,and thestates of thejueues. Objects are
entered and removed from the queues as a result of actions by call participants and the service.
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A unique set of pairs of queues is considered to be available for each potential multicast call.

For example of this model, consider the operation of a multicast call in the data transfer phase. Thisgiiagéen
the first data object is placed in a QxS queue.

A sending participant (x) in a multicast call placizdaobjectsonto its queue QxSlhe service removedataobjects
from thequeue QxSnd entergopies of eacldataobject ineach QSiqueue (where r is each thfe participants 1, 2,
3, ..., h except x).

The receiving participar(t) removes objectsom its queueSr. If there are multiple receiving participaritegnthey
each remove their individual copies of the data object from their QSr queues.

Developers of protocaihich implement the multicaservice maywant to usehis model as avay of describing the
operation of connection establishment, connection termination, data transfer, acknowledf@meantrol,andother
aspects of multicast operation.

7.1 Queue configurations in different communication modes

Not all queuesiescribed in Figure 1d@reused inall communicatiormodes. Figure 18 showiis dataflow model for
one-way communication and Figure 19 shows two-way communication.

Receiver

Sender
1

Multicast
service

Receiver

T0716810-93/d18

FIGURE 18/X.6

Model for data transfer — one-way communication
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FIGURE 19/X.6

Model for data transfer — two-way communication

7.2 Data flow model and data transfer overview

In the three communicationmodes described i6.1.1, 5.1.2 and 5.1.different rules are given. These rules are
repeated in the following subclauses in the context of the data transfer model.

7.2.1 One-way
1) Avreceiverr has no queue QrS.

2) A sender x placesa@ataobjectinto QxS. Theservice removes it from Qx&dplaces copies on each of
the receiver queues QSr,r=1, 2, ..., n.

3) Optionally, theservice will also place copies on eachlad sender queues (excluding original sender x)
QSs,s=1,2..,m.

4) Optionally, the service will also place a copy on sender queue QSx.

7.2.2  Two-way

1) A sender/receiver x places a data object onto QxS. The service removes it frandpk®es copies on
each of the sender/receiver queues QSr, r =1, .

2) Areceiver/sender y places a dabgectonto QyS.The service removes it frorQySandplaces copies on
each of the sender/receiver queues QSs, s =1, &.

3) Optionally, theservice will also place copies tiie dataobject onthe other sender/receiveueues
(excluding original sender/receiver x) QSs,s =1, 2, ..., m.

4) Optionally, the service will also place a copy on queue QSx.

5) Optionally, the receiver/sender y can indicate which of the sender/receiver queues QSs should receive the
data object removed from receiver/sender queue QyS.

7.2.3 n-way

1) A participant s places dataobject on queu®sS. Theservice removes it frorthe queueand places
copies on all queues QSp#[s.

2) Optionally, the service also places a copy on QSs.
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Appendix |
(to Recommendation X.6)

Summary of group and call attributes

(This appendix does not form an integral part of this Recommendation)

Tables 1.1, 1.2 and 1.3 summarize the attributes of the multicast group and multicast call.

TABLE 1.1/X.6

Multicast group attributes

Group Attribute Name

Value

Call Controller

List of call controllers

Group Status Request

List of members authorized to request status information

Initiators List of members who may initiate calls
May Send List of members who may be senders (or sender/receivers)
May Receive List of members who may be receivers (or receiver/senders)

May Receive Join/Leave notification

List of members who may receive Join/Leave notification

May Invite

List of members who may invite others into calls

May Exclude

List of members who may exclude others from calls in progreg

May Receive Control

List of members who may receive other control messages

May Terminate

List of members who may terminate calls in progress

Default quorum

Default quorum for calls (integer, or some other value, such gs a

percentage)

Default data flow

Default data flow for calls (1/2/n)

Default connect priority

Default priority for making connection (integer)

Default retain priority

Default priority for retaining connection (integer)

Default transfer priority

Default data transfer priority (integer)

Default aggregate timeouts

Default timeout values for calls (time)

Default active group integrity

Default active group integrity (True/False)

Default source identification

Default source identification (True/False)
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TABLE 1.2/X.6

Multicast call attributes

Call Attribute Name

Value

Quorum

Quorum for this call (integer, or some other value, such as a
percentage)

Data flow direction

Data flow direction for this call (1/2/n)

Connect priority

Priority of making connection (integer)

Retain priority

Priority of retaining connection (integer)

Tansfer priority

Priority of data transfer (integer)

Aggregate timeouts

Timeouts for certain operations (time)

Active group integrity

Whether this group has active group integrity (True/False)

Source identification

Whether data units will include source address (True/False)

Have capability Send

List of members who may send in this call

Have capability Receive

List of members who may receive in this call

Have capability Join/Leave natification receive

List of members who will receive Join/Leave notifications

Have capability Invite

List of members who may invite others into call

Have capability Exclude

List of members who may exclude others from call in progreg

Have capability Control

List of members who will receive other control messages

Have capability Terminate

List of membes who may terminate the call

[7)

TABLE 1.3/X.6

Data transfer attributes

Data Transfer Attribute Name

Value

Data integrity

(Does not apply)

Ordering

Local or Global

Synchronized delivery

For further study

Throughput At pace of slowest active receiver, at minimum pace with no loss; at
minimum pace with possible loss
Flow control Server may/may not flow control
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Appendix I
(to Recommendation X.6)

Mapping Applications into Multicast Services

(This appendix does not form an integral part of this Recommendation)

This appendixprovides examples of applications whiamy beappropriate for a multicast environment. These
examples argrovided to show how some tiie options inthis Recommendatiortan beused to satisfy specific
application needs. The implementations described are given for example only.

1.1 News service

A news service provides continuous updatesument stories. There is a sindgéed ofinformation and ndeedback is
allowed from the subscribers to the service.

This applicatiorcould use one-wagata transfer, with a single sender. A call is creatafisubscribers joimndleave
the call as they wish. The sender passes data into the call continuously.

In addition, the caltould be set up with a quorum of 1, tbat thesenderdoesnot send data out when there is no
receiver.

1.2 Weather service

A weather service provides updates on weather conditions in various locations. TheseagpaatEemhundreds of
automated sensors in different geographic locations which send out updates periodically.

This applicatiorcould use one-waglata transfer with many senders. Each sewsaolfd be asenderBecause these are
send-only devices, a one-way call is appropriate.

1.3 Information service with backup device

An information servicemight want tohave ahigh reliability, suchthat if a service provider fails, a send provider
should comeon-line immediately. Irthis case, failure of a provider may occur for reaserternal to thenetwork
interface. An example of this application is a transmitted Videotex system.

This applicatiorcould use one-wastata transfer witliwo senders. The sendesuld choosahe option to havéheir

packets sent to each other in additiorthi® receiversThus, thebackup servecandetect failure othe primaryserver
when transmissions from the primary server stop.

1.4 Examination

A computerized examinatiosystem wouldask multiple peopléhe same questiorand therreceive answers from each
of the people taking the examination. An example of this application is the college entrance examination.

This applicatiorcould usewo-waydata transfer. The examineould be a sender/receivend thestudents/examinees
(receivers/senders) would transmit their answers back only to the examiner.

1.5 Name service

A nameservicehas anetwork of database servergvhich anyonecan query to look upnames. There are multiple
servers and multiple simultaneous queries. An example of this is the Internet Domain Name Service.
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This application could usvo-way data transfer. The dabmse servers would be receiver/senders. Someishéng to
use the service would connect as one of the (possibly many) sender/receivers in the call, send their query, and receive ar
answer directed back to them. They would then leave the call.

1.6 Distributed data base

A distributed datdbase may havmultiple partitions across multipkystems immultiple locations. An example of this
application is a city’s multiple hospital records data base.

This applicatiorcould usen-way data transfer. The datmse systems woublill participate apeers in a call, with any
updates passed between all members.

1.7 Time service

A distributed network time protocehn beused by systems tmaintainextremely accurate clocks, even over networks
with high delays. Time serverare organized into a hierarchy kfyers (called “strata”) which communicate to
converge on an approximation tife current time. An example of this application is the InteNmtivork Time
Protocol.

This applicationcould usewo-way data transfer, withmembershigher in the hierarchy acting aender/receivers to
members lower irthe hierarchy acting as receiver/senders. Multiple aaildd be usedTwo options oftwo-way

transfer would be useful. By distributing updates to other services at the same level (i.e. sender/receiver packets go to all
other sender/receivers as well), servemn do sanity checkingnd verification. By returning updates (i.e.
sender/receiver packet sent back to itself), the sender/receiver can help approximate rdetel/tbigtween iand the

time server.

1.8 Interpersonal on-line conferencing

An on-line conferencas multiple participants all sendingessages whichll othermembers receive. Sometimes, a
subset of the participants may wish to break off a brief separate conference with each other. An applibaticntbé
standards development process.

This application camusen-way data transfer. Each participant in tbenference would se&ll messages sent by all
other participantsSomeimplementations of the user interfacey wish a messageent to be returned to tteame
sender, as welllThe subset functionality wouldither require aew call to be created or could ube sub-calkervice
for faster set up.

1.9 Lottery service

A lottery systemrequires periodic updating of point-of-sdtetery terminals withnew informationand software.
Normal use (i.ebuying tickets) is via point-to-poiritansfer, but the periodic information transfare of a multicast
nature.

The applicatiorcould useterminals connected to RAD (packet assembly/disassembiyerating withone-waydata
transfer, where the PAD provides the multicast service.

11.10 Product announcements

A manufacturer mighwvish to distribute product announcements via facsiriites involvessending the same image
to multiple recipients. The facsimilerotocol is inherently twovay, becaus@egotiationbetween twdiax machines
occurs before each image transmission.

The applicatiorcould use fax machines connected to a FAX PAD which provigesulticasservice. Two-way data

transfer is required, agell as a multi-party negotiation support for fax optibesveermultiple receiverand asingle
sender.
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.11  Audio/Graphic Conferencing

Audio/Graphic Conferencing involvele use of Audio/Graphiterminals andvultipoint Control Units. Point-to-point
connections aresed to connedhe Audio/Graphic terminals to the Multipoint Control Uniasid for connecting the
Multipoint Control Units to each other.

The applicatiorcould be supported by a combinatiomefray calls to connect Multipoint Control Units (including the
sub-call capabilityand atwo-way call to connect each Multipoint Control Unit with the Audio/Graphic Termitteds
it serves.
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